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Summary. We present the GMRT 235 MHz images of three radio galaxies and
610 MHz images of two sources belonging to a complete sample of cD galaxies in
rich and poor galaxy clusters. The analysis of the spectral properties confirms the
presence of aged radio emission in two of the presented sources.
1 Introduction
cD galaxies are the most luminous and massive galaxies known. They are
found at the centre of both rich and poor galaxy clusters, usually at the peak
of the X–ray emission. Their radio emission shows a large variety of mor-
phologies: compact, FRI and FRI/FRII morphology, wide–angle–tail (WAT),
core–halo and more peculiar structures. The advent of the high resolution X–
ray imaging with Chandra and XMM–Newton posed new questions related to
the interaction between the central radio source and the intracluster medium
(ICM). It is now clear that the radio lobes may displace the external medium
and create depressions (cavities) in the ICM. These can be filled with radio
emission (radio–filled cavities); alternatively a misplacement between radio
lobes and cavities can be observed (ghost cavities). Both features may be
present in the same cluster (e.g. Perseus; Fabian et al. [1]). In particular
ghost cavities tend to be more external than the radio filled ones. This led
to the suggestion that repeated outbursts of the central radio galaxy may
play a role in the cavity formation (McNamara et al. [4]): ghost cavities
would be the result of a previous AGN burst, and thus filled with aged radio
plasma emitting at very low radio frequencies. All recent investigations of
the radio galaxy–ICM interaction in clusters mostly concentrated on single
objects, based on the X–ray information. An unbiased comprehensive study
of a statistical sample of clusters is still missing.
2 Authors Suppressed Due to Excessive Length
1.1 cD sample and GMRT observations
In order to overcome possible biases induced by radio and/or X–ray selections,
we defined a statistical sample of cDs starting from the optical information.
We selected a sample of 132 cDs (109 in Abell clusters and 23 in poor clusters;
for further details see Giacintucci et al. [2], hereinafter G06). A fraction of
∼ 40% is radio quiet at the sensitivity limit of the 1.4 GHz NVSS survey.
We inspected all cDs with radio emission and selected 13 sources still lacking
high sensitivity and high resolution radio imaging in the literature.
For these clusters we performed observations with the GMRT at 1.28 GHz
to complete the radio information for the whole sample at this frequency.
Furthermore we observed those sources promising for the presence of relic
emission related to a previous AGN burst at 235 and 610 MHz. These low
frequencies are suitable for the detection of old (i.e. steep spectrum) radio
emitting plasma; moreover, combined with the 1.4 GHz data, they allow us
to study the source spectral index (total and point–to–point) over a wide
frequency range, providing crucial information on the nature of the observed
emission.
2 Preliminary results
We found 8 active radio galaxies and 5 sources with candidate relic emis-
sion (steep spectrum and lack of central nuclear activity). Here we present
the GMRT 235 MHz images for three clusters and 610 MHz images for two
sources of the sample.
A1775 – A1775 hosts a Dumbell galaxy at its centre. Both galaxies are
radio sources: a double source (labelled as D in Fig.1) is associated with
the North–Western component, while an head–tail (HT) is associated with
the companion galaxy. We measured a total flux density of S(HT+D)=2.04
Jy at 235 MHz. We observed the source also at 610 MHz (G06), and found
a morphology in very good agreement with the 235 MHz image. Using our
data, and literature data, we determined a total spectral index of α = 1.15
(S∝ ν−α) between 80 MHz and 4.85 MHz.
A2622 – A double radio source is associated with the cD at 235 MHz
(Fig.1). Our 5′′ resolution observation at 610 MHz (G06) reveals a complex
structure for this source. Its spectral index is very steep (α = 1.42) between
74 MHz and 4.5 GHz. The 235–610 MHz spectral index distribution over the
source shows that α ∼ 0.6 − 0.7 in the central region, and steepens along
the lobes up to α ∼ 1.8− 2 (G06). This confirms the presence of aged radio
emission in this galaxy.
MKW03s – A combined GMRT 1.28 GHz/610 MHz and Chandra study of
this source was presented in Mazzotta et al. [3]. In the new 235 MHz image
(Fig.2) the source shows two lobes, the southern lobe being brighter than the
northern one. We do not detect the compact component between the lobes
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observed at higher frequency, and associated with the cD nucleus. The source
235 MHz flux density is 8.44 Jy. The spectral index between 235 MHz and
1.28 GHz is very steep (α = 2.49), confirming the presence of relic emission
in this source.
A2162 – The 610 MHz radio emission is weak, and shows two radio lobes
and no hint of a central compact component (Fig.2). The source flux density
at 610 MHz is 240 mJy. Using this value and literature data, we found α =
0.81 in the 74 MHz–4.7 GHz frequency range.
A2372 – This cD hosts a very large WAT radio source, with a total flux
density of 1.02 Jy at 610 MHz (Fig.2). We observed A2372 also at 235 MHz
(G06). Using our data and literature values, we found α=1.13 between 235
and 1400 MHz. The image of the 235–610 MHz spectral index distribution
shows that the α ∼ −0.5 in the core, and steepens from ∼0.7 to ∼1.0 along
the jets. In the outer regions of the tails α ∼ 2 (G06).
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Fig. 1. GMRT 235 MHz contours (logarithmic, starting from ±3σ) on the POSS–2
optical image. Left panel: A 1775, 1σ=1.5 mJy/b, HPWB=12.7′′ × 9.1′′. Central
panel: A 2622, 1σ=0.8 mJy/b, HPWB=17.1′′ × 11.4′′; Right panel: MKW03s, 1σ=
2 mJy/b, HPWB=12.1′′ × 9.1′′.
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Fig. 2. GMRT 610 MHz contours (logarithmic, starting from ±3σ) on the POSS–2
optical image. Left panel: A 2162, 1σ=0.15 mJy/b, HPWB=7.1′′×4.9′′. Right panel:
A 2372, 1σ= 0.065 mJy/b, HPWB=7.5′′ × 5.7′′.
References
1. Fabian A.C., Sanders J.S., Ettori S. et al., 2000, MNRAS 318, L65
2. S.Giacintucci, T.Venturi et al., A&A, to be submitted, (G06)
3. Mazzotta P., Brunetti G., Giacintucci S. et al., 2004, JKAS 37, 381
4. McNamara Solid-State Physics, 2nd edn (Springer, Berlin Heidelberg NY
1996), p.45
